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ABSTRACT 

A computer-based system — the Educational Assembly 
System for Student Executed Educational Design (EASSEED) — is used to 
generate individualized curricula for students with ^rarying needs and 
goals. It combines advances in management and computer technology to 
define the processes of curriculum development and thus coves toward 
an explicit operational description of a normative theory of 
curriculum development. EASSEED functions by directing students to 
instructional materials, the cojipletion of which fulfills the goals 
set by the student. The system is organized into content and 
structure modules; the former direct the student to materials related 
to achieveable yoals while the latter decompose broad goals into 
progressively more nianageable sub-^goals until a level is reached at 
which a suitable instructional material is available. Goals ar^ 
processed by the system's semantic net; all terms in the systen are 
located in the net and pointers lead the student to higher order, 
equivalent, and implied terms.' The system provides the basis of 
computer constructed education, for it can be used as a course 
prerequisite, supplement, or substitute^ for course design and 
subject area definition, as a resource evaluator, and for generalized 
program support* (LB) 
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Abstract 



llils research rcprcr.cnts an effort to move toward an operationally 
dotlned theory of curriculum construction, A computer based system is 
presented whose action is to generate highly individualized curricula for 
a wide range of students with diverse backgrounds, characteristics, and 
educational objectives. The goal is to simulate an omniKciont, perceptive 
indefatigable, human educational coni>uitant and curriculum designer » tliis 
research presents an operational example of what has been called computer 
constructed education (CCE) . 

Uses for this currently operational system arc briefly discussed, in- 
cluding use as a course supplement or substitute, course design, and educa 
tional resource ovaluator. The current system's status is also noted* 



An Iklucolioiial Asscii^bly Syt;ton 

fov Slmlont: lixccutccl Mtlucotional Docicn: Tow<ir<l A 

System of Computer ConsLin.tcl;c(l IMucation 

Steven I'lvans 
David Klaliv 

Carnegie Mo.Ilon University 

I ntrojuct io n 

The project to be described represents an attempt to deal with a 
hrtherto untreated aspect of education; the creation and distribution 
of individunlized curricula for diverse educational goals as desired 

and formulated by the student, v/herc every curriculum is tailored to 
each student's cliaracteristics .-^^ The goal of t:he project is to construct 
a system that can generate^ upon deraand> sequences of infoiniation about 
educational materials and properly organix.e such information in a curri- 
culuai best suited to each individual user. 

There are several justifications for this specific goal* The virtue 

of increased efficiency in education need not be argued here; we take it 
as given vhen tvo-thirds of the 2300 institutions of higher learning in 
the U.S. are in vh.at the Carnegie Cor.-.mission on Higher Education calls 
"financial difficulty". The benefits of individualization have bjjen 
acUnoKled^oJ and pursued by an auia>:iiigly divertjc range of educators, 

2/ 

from Robert Glaser (Bolvin and Glascr, 1968) to Ivan lUich (1971). - 
Our primary justification cor.ios from the obscr'/ation that one of the 
most important n\id sophist icatod tasks of tlie live educiitor is the detcr^ 
mination of tlic appropirato goals of his students and the selection and 
organization of nuitcrials to achieve those goals. This is not to say that 
the job is often done well, but rather that one of the reasons that it 
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This vorh v.is r.uppovli d by fT^-^nt s fro:i\ t:ho Ford Toundation and t!ie Inter- 
national liusiuc»ss Machines Corporation, 

^ A rcvoro crltl.' of **r.c'ioolinj:'* , lllich i^sr^Dlc a red Istrihut ion of education, 
fi**n:* frori contraK:u\l institutions Kuoh bv* f.ciiools, tlirough ''learning eNchcimu-'j 
Q tliat, in o'lr vio\/, i:ut;Ui; lu-comi* feasible throui;,h massive applications of 

U'clinoluiiy ^ucli as wo are suj'.ge:;L ing. 
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ts visually dono poo rly is that it is extremely difficult. It requires 
that the educator have access to an enormous nmovnt'of potential material, 
an accurate assessment of the needs and abilities of the students, and a 
means^ to relate the tv;o. 

The problem is not the availability per se of information about 
/' educational ruitcrinls, for that comes in a never ending stream from 
publishers, colleagues, special information services, professional 
groups, libraries, elc, Infonnation is available not only about con- 
ventional print materials, but about every other form of instructional 
technology ranging from video tdpes to computers, from special approaches 
such as simulation games (Zuckern^an and Horn, 1970) to collections of 
course outlines (I1>M, 1969) to reviews of revicv?s (Zinn, 1970). 

The problem is the intelligent selection of mat^irialr. that are 
relevant to specific educational needs, goals, and abilitic^s. The 
history of technology in education has been to transform scarce labor 
inputs into ro)>roc]ucible and rcmlily d issenn' nated capita! Yxo\\\ the 
invention of printing to the utilization of computer technology, the 
goal has boon to etficientiy distribute the scarce talents of the best 

0/ 

humans in a field. KAS/SEED is such an attempt. 

Ov or view oi: the Sy^-tom 

The KAS is a system that can generate a curriculum best suited for 
each individual user. The potential urer is a student with an educa- 
tional goal ranging from sor^ething quite specific to a totally general 
(or ambiguous) goal, 

If 

LAS/SLi'.D; Kducatioaal Atiiu r,;bly ^^y^itoI•.l foi" ^tudciit ]2Necutcd Kducatioiial 
I)esif,n 
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The only constraint: is that tho coal should be achievable by completion 
of some sequcMicc of educational materials, e.y., books, lectures, films, 
courses, seminars, tapes, articles, or problem-sets. Given such a goal, 
the EAS functions as \70uld an cnliRhtened educational consultant wlio had 
a vast awareness of most areas, subject material, job requirements, etc., 
and vho had the time to serve the particular needs of this individual 
student. Such a consultant would be expected to suggest a program of 
actions tailored to the student, the completion of which would accomplish 
the given goal. 

The basic components of the system can be divided into two parts: a) struc 
tured descriptions of educational goal and material (modules)^ and b) a network 
of v7ord relationships (a semantic net) • Both of these are created by various 
subject-matter experts. The user inputs his goal, including information about 

the area, level, tine he v;ants to spend, etc. Then the. system interacts 
with qucstionr? nboiu* possible inconsistencies , his prerequisites, and other 
relevant information. The EAS prograois attempt to "understand" (as will 
be explicaced iauorj iho student's ^oai and then scarclies lor modules 
that satiivfy the goal and the side constraints, F\»rther interactions 
may occur between student and system. Finally, the student is presented 
with the optical curriculum. At this point, he can recycle at aiw 
desired levoJ of detail, or he cm leave tho system and pursue his 
curriculuru (Note that the KAS voos not rotrlcve the actual materials; 
it directs the student to them. In fact, It is more accurate to say 
that the product wlilch the system generates is a study jdo > individ- 
ualiJ^ed to a particular y.onl and student,) 
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To sun\n5avi^o, the i;ocil is to mnxiiui^ie the capability f^r distribution 
of educational resources of nil kinds, upon demand of the student, in a 
highly individualized and' tailored fashion (while maintaining economic 
feasibility, of course). The solution takes the form of an elaborate 
and perceptive educational consultant (albeit a programed one). 
Throu^'jh an interaction v;ith the users^ the system can appropriately 
evaluate their needs, and has at its disposal a hu^e and varied universe 
of resources to reconw.end , \vheroby the educational goal of the user can 
be achieved. It chooses from its repertoire, based on its internally 
credited i;iode] of the domains of knov;ledgc, a suitable and accessible 
sequence that v/ould best serve the particular user of i\\t} system at that 
time. Although cogni2«'^nt of the dangers of acronyM pollution 
(Salisbury, 1971), we feel that our systejii can best be described as 
an operational example of computer constructed education or CCE (Evans, 1974) . 
We shall pursue some of the details of such a system in the sections that 

follow. 

SysteiD Or?:ani;: at ion 

One of the main problems involved in creating the system is achieving, 
compatibility vrilh the various pieces of information thai need to bo com- 
PsireJ. 'i!)e syslen nt»ods to co:.Vj^nre preroquisiLi cs that the st udent lias 
accor.pl ii-hed with the target r;oal that the student has, as well as v;ith 
other goals tht^ student may be assigned as a result of his desired goal 
that is being fulfilled. In additicn, there is tlie comparison of all 
those goals v;ith goals the syfit.em has stored that it can serve ^,such goals are 
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•'served'* fron) l*hx? MliINU, tho module £ntvy universe^ which holds all the 
encoded modules tlic system can describe to tho student,) All thcpe 
Issues of compatibility are resolved by the definition of on educQ-itional 
goal, All goals are described in a limited^ formatted mode of expression, 
vliich includes several paran\eters. These parameters Include the area 
about which the goal is concerned, the level of difficulty that the 
goal is set at, the mastery level, niotivation level, the media, and 
tlie time spent for tho goal, Thesr> parameters are set depending on the 
type of goal being encoded. A prerequisite described by the student 
gives the area ho covered, the media that was involved, the time that 
was Spent, etc, Tho goal the student desires is a listing of the area 
wanted, tlie media preferred, the time wished to be spent, etc. As a 
result of defining an educational goal, all prerequisites are given as 
goals accor^p] ir.hod , the tari];et p.oal is the goal desired, and tlie other 
goals needed for tlie desired goal to be nccompl i.shcd become subgoals 
to facilitate the accoi;ipl ish:;.<; nt of the goal. Tho specification of a 
goal, given in this formatted form, is the language of goals; it is 
the 1 i!\^ v>ia jL-GilEJl ^f^the system. The most complicated part is the 
area part of t!)e goal vhjch gives the subject n^atter or area of tho goal. 
Concept or area names can be joined with such connectives as "or", "and", 
and "imMudiir^". Tiic sntl^faction of a desired c;oal by supplyim^ the 
necessary sub:;oals so that the goal can be accoippllsiied by thnt particular 
student ii^ the obuctivo of tho system. It r.iay use Lhe prerequisites of 
the student (as subr,oals already accomplished in lieu of re-assigning 
them). It may also nt!od to assign sub-sub-goals to accomplish the 
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subgonlr. An example of the output of the system with the sub-sub»., 
subRoal expansion is found in ri{>ure 1. The details of the repeated 
Gssigninf] of move and riore lower-lcvol goal3 until a level is readied 
so that the student can handle tlie initial goals is the subject of 
another organisational delineation which we shall nov; pursue; content 
and structure modjles in the module entry universe (MENU) of the system. 

Given a pavticult^^r gonl, a corresponding nodule's purpose is to fulfill 
that p,oal, Thus a module is doner ibcd by the goals It fulfills. Hence 
each module represents a possible goal that a student may have, and to en- 
code a module is to encode a (possible) goal» We divide modules into two 
types: cont ent modu les and s t i^ i c t jjr e modu 1 . Content modules arc asso- 
ciated v;ith specific material, the accompl islin-ent of which satisfies the 
goal v.'hich the module corresponds to. In fucli cases particular resources 
are specified to be retrieved in order to satisfy the goal. The "prerequisites'^ 

i 

section of a content module asks "what is needed to handle these resources? 

Structure rrodulv:-* arc oitCkV a^>.socint;c c ^Lti^i mort: f^cnural goals tliat 
arc in turn dependent upon general subdor^iains , In this case, goal 
satisfaction does not require that resources be retrieved directly; 
instead there is the need to specify subgoals, whose satisfaction will 
permit the accomplishment of the original j;oal. 

To cMorinlify theso two typos of modulf '^., considor (wo ^',oals: 
(1) wnnt to leant about 'theory of the firm' at an introductory level" 
and (2) want to leafn about 'm:in:ij.;ci;u'nt science' at nn introduciory 
level". If we v.4sh to encode modules to satisfy these tv.o goals, in 
the first case we may encode tlie hook by tlic same name. The mastery 
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of tlic book Vs'iLl be the suitable action to fulfill tUa goal,' Prerequisites 
to rending tlio. book miglit bo. nn aworenoss of basic economic Isr.ues plus 
some inacheronticnl aptitude* This is a content modulo. In tlie second 
case, vje tnlpht structure the field of management science as consisting 
of the subdomnins of operations research, economics, and industrial 
administration. Having clone this, we note that the \Aiastery of these 
subarons at an introductory level is a suitable action wliosc nccomplishmont 
will result in the original goal being fulfilled. Hence, tlie goal of 
undc^rstanding the material in this n\odule implies fulfilling the subgoals 
of "learning introductory operations research, economics, and industrial 
administration". There is no material, hqy sc^ that is to be retrieved. 
This is a structure nodule. 

The distinction between structure and content modules is somewhat 
arbitrary, but convenient. Structure Modules keep decomposing goals 
into subgoals until a level oT subgoals is reached whereby there is some 
suitaV>lo v.ialerlal or physical resource tnat will satisfy eacSi snbgoal. 
Maintenance of this dichotomy between content and structure preserves 
the modularity of the system, 

Hnndli n r; -'c^^ll C^P/^l.^ t Prph 1 p;n s o f A mb i eu i ty ^ II 1 -struc turcdncss ^ and Contc 

Witfi the system as described, the task of the routines v7ould be to 
compare the desired goal with the y^ossiblc goals stored in the M]-NU, 
selecting one appropriately matched, e.vpanding any required sub^toals 
by re-entering t]un\ as yet other goals to satisfy, while checking the 
stuc^-ent's prerequisites, previously assigned mod.iles> etc. See Figure I 
precedlns> as an example of this descending expansioa. 
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yiowovor ihcvo. arc scveval difficulties involved. These difficulties 
will require elnborntc r.cchnnirms to aid in their solution or rcsolutAon. 
V?o shall remark on Jiomo of. the difficulties, then describe the outline 
of the attack* Further explication of the niochanisn^s will be left for 
the examples tliat follow. 

The first difficulty arises when the student is Interrooated for 
his goal. The goal must be analyzed for consistency and suitability. 
To do this, we must have an idea of the relevant prerequisites that 
the student has^ In turn, since he can not be expected to know v;hat: 
will be expected of him, we must be able to suggest the main areas 
he should consider when giving prerequisites. In addition, the suita- 
bility of his goal relies on the compatibility of the generality of 
the area he wishes to investigate and the level of difficulty he v;ishes 
to pursue. These measures must be defined in order to make estimates 
of such aspects of compatibility and suitability. 

In addition, a goal may be specified ambiguously or poorly, the student using 
the wrong or Improper jargon for areas he docs not understand (which presumably 
may often be the case since he is requesting educational information about the arct 
This a:uhii,\iious st^tovdent must he comparable witli the ntorc properly posed 
descriptions of modules in the MENU, v;hich prof essioniils have encoded. 
There is also the issue of structural alterations of the goal to permit 
a match. I'lmt is» the goal "A or must ho nuitchahle against "B or A", 
and presumably even matchable against "IV' as well as "A" since the intended 
meaning of '^or*' would allow cither one to suffice. There is also the 

issue of context. In some contexts, an example of systems management 

i 
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might bettor bo clio5)c;n ns a modulo co))ccrnlnp, inventory control If the avoa 
of intorcst of tho sLudont Ik manQgcuiont sclcnco rntbor thtin an example of an 
mt colony (vniloj:s the syslchis mana«omonl: concern of the student is in such a 
context) . Determining the context Is an important nld in eliminating certain 
classes of ambi^^ulties as well as making better choices for modules 
for the student. 

Finally, there is a need for some kind of interpretation of a re- 
que^Jt for an area so that related areas may be suRnc'^^^<^<i that are not 

precisely the one described but may well do for the student (assuming 
the student may have pOs^ed an essentially ill-posed uoal^ or in some 

cases one that just does not fit the MENU's capabilities). In either case, 
the ability to fc'uggest an essentially equivalent alternate of a "best try" 
is important if the system is to be as flexible as would be expected of a 
consultant. These problems are treated extensively by the system. An overview 
of its methods will now be described belc^>r as it attempts to handle the 
problems mentioned above » 

The heart of the solution involves the construction of a semantic 
net with operators on that not. The net is an extremely large collection 

of terms, including; ail terms used in Li\c. HiAsU oi deycribou jiioduics, 

as well ns many olVicrs, Kach of the terms have varJous pointers to 

other t orris. Tor each term, and its collection of pointers, one of 

the pointers indicc^tcs tho*?e torris v.'Iiich cnco:npay?^ or include or imply 

tliat tov.ii, another jn^intcr indicates all tor:is which arc os;:ontinlly 

equivalent to tliat term, and a third poititor specifies all terms that 

are implied by, or derived from, or aro sulvsets of that term. If all 

knovlcd^;o were pcrtectly hieiMiehica L , '.^o v.vuild have a porfocl tree 

structure oi the description or tvixonouiy of knowledge. However areas 
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and topics and coucopti; (which the t:orms rcprosont) arc Int orconnectccl , 
lack a strict ordorinp,, nnd arc in no wny strictly hiovnrchical , Thus 
the represented' ton of ctructuro of knovlodi;o involves an interconnected 

net, convoluted, Lurnlnc on itself, and in genernl quite complicated, This 
Interconnected net is the semantic net used. It is created by collecting 
the mini-vorld of higher-order, equivalent, and implied terms around any one term 
any one encoder uses (a specification task required of each encoder 
who contrlbutos to the M^NU eacli time a module is encoded). The 
system intergrates all the terms into a cohesive, complete net that 
includes all the mini-worlds collected and connected together. The 
details of semantic nets and their construction \;1U not be reiterated 
at this time (see Evans, 1973 for a full elaboration of the EAS/SEED 
application). The reader may wish to consult the general description 
of such nets (see Shaprio, 19?]) or particular applications that iiave 
been cmpLoycci oliiewiicrc (C^iii llian, 1965; Winograd, 19V0). In addition 
to tho semantic not is the jn.^ilicit: net defined by the structure and 
content modules in the ^tE^iU, since each module in the MENU may specify 

other subt^oals necessary for the completion of that module, such 
specified goals being "linked^* to that goal; these goals (wlilch possibly 
corrci^pond lo other modules in the iJ:;;sU) in turn w^ciy point to others, 
etc. llcnco nny one modulo in the MKNl) may point to oilier nccci;sary 

lower subgoals satisfied by the Ml^KU , It is important to note that a module, 
as a goal, points to other subgoals, not other (sub) -modules. The system 
••evaluates^' what modules may satisfy a subgoal , depending on a student's 
prerequisites, the context of goals already assigned, etc. Each sequence of 
chosen modules from the MliiNU is further student-dependent since at any one 
point, his prerequisites may fulfill a needed subgoal and hence terminate 

ERIC 
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that bx^anch of assigned goals, In addition, the contoxt of his prerequisites 
and assigned modules together with his vesponses during the earlier Interrega- 
tlon phase create a particular context for each student which may differ 
from other students, all of which can further affect module assignment. 

Within Iho context of the assigning of modules from the hrENU, 
the system performs n scries of relaxations on the goal, as is 
necessary > in order to relieve some of the problems mentioned above. 
These relax/itlons take the form of a series of semantic and syntactic 
relaxations, These v;ill be described briefly, by \?ay of example. 

Assume for the moment that tne goal of the s^tudcnt was **quantita- 

o 

tive methods'' nt an introductory level, a desire of mastery to equal 
making a B in the study effort, a motivation level of 5 (on a scale 
of 1 to 9) , any media being acceptable, and a time of 2 weeks which 
he has allotcd. The main problem focuses on the area v;hich we shall 
assume in this example matches no entries in the MENU, (Though the 
systen per forma otiicr relaxations on the time, etc, based on an 
evaluation of the goal, v;e shall not consider them nt this point; 
we shall loolc only at the area relaxations,). One such relaxation 
that v;ould occur, after other efforts falJcd, \;ould be the expansion 
of tlic goal j:\to ^'quantitative methods or operations rescarch*\ This 
additional term is provided by the semantic net which would determine, 

by operators on the net, that the term added was sufficiently close aj 
to permit an expansion without serious loss of intent. Later, if further 
difficulties continued to avLsie in tnatching the goal, one syntactic 
change pernn'ttcd v^'ould he changing the goal to read "quantitative 
metliods including operations research". Later, after further di f f icul t ie;- , 
a possible alteration would include "quantitative methods inchiding 
linear prof^rani'tiing" , ai\.^i\\ such information coming from the semantic 
net. These relaxations, depending on the collected tiniverse of under- 



st:aiulint; tho 5;y«tom crnnfos from the nilcro-vievs of each encoder of tho 
modvileSj nvc nt the honrt of resolving problems of nmbiguicy 'as well 
poor or ill-stvucturoO i',oals, 

Ksscntlnlly, the net operntioiunly dofinci. tho concept of 
"closeness" and "relntednoss^' of areas or ideas. Aplylng these measures 
vedv^cos tho ombigxiity to tolerable levels so that modules 
^ from the M^:^U1 may be picked w*\ich are suitable for the goals. Since 
another problem v^is a need to cue the student about relevant prerequifiitos 
he sliould consider nutLng in giving his background , the net is appropriate 
in this case for aiding the system. The lower (or implied) terms In the 
semantic net of the terms involved in his goal statement are those sub- 
areas that are highly correlated with the subgoals needed for that area 
(or goal). Thus we retrieve from the* net the lower terms of the lower terms 
of ...the Iwer terms of the terms that describe his goal which gives a 
good cueing list for the student. Moreover as the student is assigned modales 
that are needed to satisfy his goal, the terms of the area- part of the modules 
form context thai, defines the kinds of areas and concepts the student 
will be working with. When two modules with different terms are considered 
by tho f^:f-:;to:;i to be tuLiable, tho opcratort3 on tho net can calculate which 
terinn of each noiiule arc clobcr to (the context of) teri::3 already aesigncd. 
This diocrirjinatlon pez^ito choices of r.odulcs which are better fitn for tho 
student. In cai^os where the module hai? the sane terms, and the system 
Is to pick hotwoc'n tho;:>, the mini-v;ovld around the tevnis of Chnt ii\.uhilo 
can be investigated by looking at tlvc encoded module. For example, the 
upper cate.qory of one module on systems operations may he biology (which 
the encoder notes nt tlio time of encodinri tlie nodule) while the other 
module of the same name has computer-science. If the student Is involved 
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in programing, the net viVl cnlculato that computer 'science is closer 
to progriimndng tluit biology is and chof;e nccovcJlncly . In this way the 
semantic net permits the system to resolve the problems confronting il: 
in choosing proper nodules to assign, We shall nw consider several 
examples of part^of the system in action. In the examples, we omit the 
extensive interrogation portion which asks the student questions, analyses 
his goal, and ro.cords information about the goal, the student, his re- 
spontics to suggestions made, etc. Tlicso procedures however are straight- 
fon-.'ai'd and are cominonplace in the coi^.puter science literature as well ^^s in 
in many otlier application areas, 

Exampl oiJ of the ]\ AS i n Ope r a t j o n 

In the first exo.v.plc to be discuci;cd, the student posc|d the goal of eu-lving 
for instruction in the area of "quantitative methods including linear 
optimization." [The special word "including" is used in the system to 
mean "with particular emphasis on the sub-area of"], Thi^ goal was 
posed at tl^e introductory level, witl) a mastery desired of the equivalent 
of mnking a C, with a motivation level estimated at 6-8, and time desired 
of A 1/2 v.'eeks, using any media. Such information is usually abbreviated 
by the system as: 

"quantitative r.iethods incbiding linear opt imi cat ion/intro . , C, 6-S,A 1/2 wks.* 
Note that media x.s dropped if no preference is tspecified, 
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As pnrt of, the first use of tho semantic not (\?hicli, recall, stores 
the combined collection of cognitive maps of Ihc various experts who 
linve codec! i;:oaules for iho system), the system prompts the student for 
prcvequisitoi, that nay bo pertinent with respect to this goal* In this 
test, the areas prompted for included: 

linear optimisation 
quantitative methods 

dual solutions, dual problcruS, duality 

linear pro^^rainMinf; 

objective functionj:; 

constraii;ts 

Initial solutions 

change-ot-basis 

sensitivity 

simp] cx-mcthod 



Given the student: 's goal, there aro no such modules described this v;ay or 
idiich even upc some of these teriv.s. Using iiyntactic expansions of tlm goal 
together v;tLl4 iicuiantic r eitixacions (which will be pursued further), 
the program considered six possible choices of modules that might satisfy 
this gool . Tiioso iiuludod tiiose v;ith the Citca parts given by: 

linear progranr.n'ng including prime solutions 
linear programming including problem formulation 
linear progrc* -.riin;;; including geometrical solutions 
linear prt>j? rci;:T.unr, inc ludi nij; s impl cx-r.ct!)od 
linear [>ro,p;ri-- - in- (Junl solutions 
linear p r og r ar.r.iin g 

Side-steppin:» the five erroneous ones (which focused on some particular as- 
pect o£ linear progranuv.ing rather than treating it in general as was intended 
by tho goal> , tl\e progv;i:^ i.'roporly chose the r.odule "linear pro;uMrjaing" , 
introductory, etc. [One might note that it also was not confused with a modul 
within tlie cvirrent univcr.sc described by "operations-research" even though 
tJ\is is anothor virtual synon>T\ with the term "quantitative methods" which 
does occur in the goal statement. ]llowLiver, the system discovers that the 
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av<iUnMo motUilo is for a p(n'locl of time imich loss than tlio dor>lvcd goal's 
timi on tills [ioint, tho modulo rcjoctcd, and hence o time failure is 
noted « Since thU: la Lhe only rclntcd module the system finds suitable 
(arca-wlse) , it later would bo reported ns the bo«t try tliou^di deficient In 
time, Again vre note also V7hnt the system did not do. Since the time was 
out of rango^ the system allowed a small variation to s<ie if that would be 
£sufficient to make this goal fit» After this relaxation^ and its failure » 
the system checked to see if the evaluation of the goal suggested that the 
original time reqtiest rught liave been a (suspected) poor choice. The system 
finds, that no flags v?cre set in the evaluation of the goal vis a vis time". 
Hence, failure is reported. In other cases, cither small variations in the 
time permit a natch, or goal evaluation has made us suspect, and larger time 
variations arc allowed iC trouble occurs on "time". 

In the nexL example, tlie same goal is inputted, but this time, the time 
is altered. -As will bo seen, wo shift to 1 1/A days, The goal is"quant it fil:ive 
metliods incluriinf, linear optiTidfsation/intvoductlon, Parsj 3*^5, 1 1/4 days/' 
For this siiriitar goal a module is found that is satisfactory; it is given by 

Linear proja^Tr;.riinp/irA*roduction,r' -^^^^ ^'"1*^ cl^y. 
In turn this goal has several subgoalij, which expand int:o sub-subgoals » Thci:e 
are given in Figure 2. Several points can be observed in the expansion* 
First, when a module was assigned, and then later found appropriate again, 
the f^ystem reassigned it rather than assigning yet anotlier module. When 
the system could find no module tliat sufficed to fulfill subgoals, it created 
dummy modules, in effect indicating to the student the neccijSjarv accomplisli- 
nents he \:onld hrsvo to iichiove. In this pavtlculr.r togjb, one siibgoal differs . 
with respect to level from another; othervlse it is identical* We note that ihc 
system did not falsely relax the level (one of its options) thereby using one or 
the other modulo in both places. Often, what the program does not do is a$ Impor- 
tant as what it decide, In addition, different heuristics govern the treatment of 
the original (stuJent^^) goal in comparison to the subsequent subgoals needed to bo 

satiKfied. In general, subjioal iiodulos are evaluated differently than the top-ltivel 
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tftr^ct c,<'^.-\\: qiMfit 1 t.u Ivc r-.c^hoHs Inohulin)* linear opt tnilsrttton 



tnvf.ot 

$ub|".onl! Itnocir optl!ii?ation or priinal sltnplcx ncthod/lntro. ,5> ,4-6 , l/A*l/4da, 

nod u 1 



acccptoci: linear pro^'.rapsninG iticluding sirjplcx tictbod/iritro. , 1 ,2*6 

nod u 1 c 




'target sub-sub-£:onl : lincnr pi-o£;r.irru:\in£; including problcni- 

fonrulc^t ioii/incro. ,1,2-6,1-2 Iiours 

ncccpcod c\odulc: linear pro;"rrcuixiinj:^ inclndinc problcni- 
^ ( ^) f or^^iulat ion/ incro, , 1 ,2^6 , 1-2 hours 



tcrijct f uh-sub-goal : linc'fu' algebra or nii'itriccs/lntro. ^ 

2«3, 4-9,1-1 1/2 w^eks 

no i^cccpLod module; dujsr.iy nodule assif,nod directing} the 
stUvleut to: linear nlj;cbra or naLriccr./intvo, , 

(??4) 2-3,4-9,1-1 1/2 wo.cks 



tciri;ct: cub* sub-goa I : linear nlrcbrn or n^atrices/intro. , 
2-3,4-9, 1-1 1/2 vecks 

iissif.ncd irod\^lo r4 




't<-.icci rodtilc: liucnr prOiU'ii-.^in^ includinj*. duali ty/idtro. ,2,5-7, 1/4 * 1/2 day 

ncceptcd: linear pro^vr/r.^ina including dual solutions/intro, , 

TMoJuIe(-;'5) 1,3-5,3-5 hours 



tatT>et subjoali L.P. includius problcn forinuli^ t ica/int ro. , 

1,2*6, 1-2 houriJ 
assii^ncd nodule }'-*3 to fulfill lhlr> 



cr.rf.ot cubr.oal? UiioAr aUobfa or r.acricos, 

intro. ,2-3,4-;),l-l 1/2 wot»ks 
o!.t^i>'.ucd r.pdulo r4 



t.ir^ot £ubf,c^nlt lir.t'ir ^ro.^rn: : '{ nc: incluvUr.)* sl::.r>lrx 
c'othod/lr.tet;..cdlato, 1 ,2-6/^*4 hours 

no acceptable rodu le fourtd due to level; 
asfip^ued rr^oJule f'o 




rjfture 2 
An <?xpjnsiort of the f.o.il 
HneAr prof. raj^a^ani^/lnc ro. ,1,3-5,1 Jfly 



18 

&oal concornJiu' the rclnvatloi> nllowod oii'tlio yonl parameters. 

The next cxaraplo ro-ontcrs this snnie goal once ^^finln, but in this ciiso, 
the student liullcntes n prerequisite of introcKictory linear algebra pursued at 
a uaeiory lovel of an A (encodod as in the course, a motivation lovol of 6 
for 6 v/eekc duration? 

♦ • ' - 

linear algebra/intro. , 4, 6, 6 weeksi Jfilni-courso • 
We note that a subgoal of "linear progr aiming including problem- formulation^^ 
included tl»e subgoal: 

linear algebra or matrices/intro. , h^C^ A**9, 1 week* 
The program determines that the prerequisite will suffice (In fact the pre- 
requisite claimed is much more than enough---a fact that does not confound 
*^the evaluation), and so assigns the claimed prerequisite, producing the tree 
given in Figure 2 with the exception that we now have modules for 
linear algebra, as shown in Figure 3, 

In the next examples, wo have a desired goal of the form "(linear pro- 
grai:u:jing or operations re.scarch) including siiiiplex method," where 
the associated level desired is advanced, with mastery of C (or "2"), a noti- 
vation level estimated to be 7, and timo to be invested of 6 weeks. This 
particular goal points up the capeibility of the system to handle very complex 
area-parts in the statements as well perfoinn quite extensive and elaborate 
syntactical aad semantic transformations on such goals, Some of the more 
obvious traui^ forr.K^tions included: 

( (operations research including linear pvogran\ming) indudin.t", 

si'xplcx wethod J 

( (operations rcscarcli or linear prograniniing) including 

V cinplex Method ) 

operations research including simplex ticthod 
llnoar progrnmfi\lng including simplex method 
fiiirtplox method or linear progtainiitlng 
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module 



'l^U target; Linear algebra or matrices 

Intro., 1, 3-5, 1 day 

accepted profile entry: linear alGebra 
intro. , 't,6, 6 weeks 



a(?sl?,nod N 
profile 1 
modulo / 




V 



figure 3 

Dxpansion oC Goal Usins Accepted Prof lie Entry 
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lu ndclltloii to rynLiict:ic trnjislorr.iattons , tho crucinl semnntic nltcrntions 
nre fomuid ; ,nonio. sinplo ones include: 

lincor liroavamu*ng including pvir.c solutions * 
qunntiVaUive nntily»is Including linear optimization 

« 
« 

In this particular test, tlic program converged -to two modules > described by 
tUe areas linear progrcniin^ing including prime solutions'^ and "linear program- 
ming includJnf; simpltix Mew:hod", Since tlicsc two candidates both had a level 
of '^Introductory" versus the desired "advanced", and since there was not 
sufficient reason to relax the desired goal to the above goals, the program 
correctly tertainatcs with a description of its failure to find a module with 
proper "level". In the next test, the desired goal was similar, but witlj a 
reduced level / so that a "hit" could be expected - and a reduced time to make 
the goal vcll-poscd (redvici.ng the number of flngs that miglit be posted). Th*e 
system again focuses on these tv;o modules, choosing the best choice 
of the lA/o, "linear [jroio-'Miniiui"; including simplex method", It proceeds to 
create the rest of the curriculum part of v;hich is given in Figure 4» 

In another test, the system considered the general goal area of "operations 
research", generating the first level of subgoals as given in Figure 5» Each 
of these in turn were expanded. 

Otlicr search procedures are in evidence in these tests, though it would 
take a series of tests in whicli the desired goals and the module universe dif- 
fered by soiie slight variations in certain parainoters to cause these diffcronoes 
to appear. For instance the system chooses tliose modules whose subgoals appear 
satisfiable by the system over modules whose subgoals (or a smaller percent 
of A^hosc subgoals) do not ^>com satisfiablo. In addition, each parameter of mastery 
motive and media is optlmig:ed against each ethereal 1 other things being equal j 
In addition to handling the cdmplicated cases where some of each of the parameters 
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top-lcvcl tavgct gonl: (linear pvoj^rnimlug or operations research) 

inclKiditia simplex lucthod/intvoductory , 2.7, 1/2 day 

assigned modulo irl: Uucor progr.imming incliuling siraplex method/ 

Introductory, 1, 2-6, \/'2 day 



uibgoal: linear prof^raniraing including problem- formulation/ 
Intro*, 1, 2-6, 1-2 hours 



accepted module r^2j linear prograi^lng i\:cluding problem 

formulatlon/intro, , 1, 2-6, 1-2 hours 



sub-subgoal: linear algebra or mntrlces/lntro, , 
2-3, 1-1 1/2 x^coks 

no modules acceptable: asfjigu dummy wodule i!^3 




'sub^c^.oal; llne^^r algcbra/antvoduolcry , , 2-3, ^-9, 1 l/^» week 



accented mndtilo ^^3 



figure ^1 



Partial satisfaction of top-level goal 
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Oiu'rntions-rosccirch/l, 1, 3-5, 1 1/2 vocky 
i^^^^^^^Qil!:llll£^lVJl^5lrtn [5/ I , 1 , ^-^S, 1 day 

\Nii,H>av-prosvrtn'juing INCIUDWG prlmc-solutlons/1, 3-5, 1/3-2/3 day 
linonr-progvi^mins reCLUDING dual-solutions/l, 1 ,3-5, 1/3-2/3 day 
ty^Msp^PTt at ^Lou-probl.on/l , 1 , 3-5 , 1 /2 day 

transportation-problem TKCLUDIMG prime-Rolutlons/1, 1,3-5, 1/4 day 
transportation-problem INCUIDING dual-solutlons/1, 1,3-5, l/^< day 

crittcal-path-ir.cthod INCLUDING, problem- formulation/1,1, 3^5, I/3-. 2/3 day 
critical -prith-riathod INCLUDING, solution- fonnulation/l, 1,3^5, I/3. ;>/^ day 

dcci?iloiw t heory / 1^ 1/3-5^1 d ay 

decision-theory INCLUDING problem- formulatlon/1, 1,3-5,1/3-2/3 day 

decision-theory INCLUDING solution- intcrprotation/1,1, 3-5, 1/3-2/3 day 

f orec ns t i ny^r.ocie 1 / j. ^ 1 , 3-; 5 > . 1. d ay 

forccastine-niodols INCLUDING prbblom- formulation/l ,1 , 3-5 , 1/3-2/3 day 

forecasting-mcdcls INCLUDING solution- techniques/ 1 , 1 , 3-5 , 1 /3-2/3 day 

schcdiilinr.-problcms /I,l3 3-5> 1/2 day 

'schedulinc-probleins INCLUDING problem-formulation/1, 1/3-5, 1/4 day 

schcduling-probletr-s INCLUDING solution- ideao/1, 1,3-5, 1/4 day 

inventory-*prc; blonf;/ l, 1^3^5, 1 day 

^inventory-problems INCLUDING problcn-forrailation/l, 1,3-5,1/3-2/3 day 

^inventory-problems INCLUDING solution-intcrpretations/l ,3-5, 1/3-2/3 day 

*oi)cration^i-research n;CLUDlNG applicationr./l, 1,3-5,2 days ; 

0, R» INCIJJDIKG (applications AND inventory-problems) /1, 1 

3-6, al 1^4-6 hours 
0, INCLUDING (applications AiND decision-t:heory)/l,l, 

3-6, all, 4-G liours 
Og R. IKCLUDIl^G (appltc:ilions AND crittcal-rtath-rtothod)/l|l, 

2*6, all ,1-2 hours 
0, INCLUDING (applications AbJD linoars-proeramlng)/!, I, , ■ ; 
3-6, all I 

Flgur^i 5 

Part ial expansiotv of subj^^als of the top*- level 
5 Operations Research 
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ore ftnl:l,sflod to vnvylnf, dO[»r«^t'i». This eioarch i;oo.s on in conjunction vith 
relaxation of paraiuotov.s if goal onnlysis prompted us to nuticlpato trouble 
on somo particular parameter, Flnnlly> the ^system innkos discriminations along 
"context", Ruch a context boiufi built up from previously asfiigncd modules as 
well as otlicv inCormation coiroctcd during the goal-input pliasc» Such infor- 
mation is requested on n "need to know^* basis, whore a heuristic recipe esti- 
mates the amount of Information that will be requested. Such a recipe number 
(corresponding to levels of Inquiry) based on the inputted goal, etc*, 
Is calcultktcd • by tlio system. 

Although the complete outputs of all the tests run have not been Included 
here, the tcaslbllity of the design proposed for an education ansombly system 
for student-executed educational design lias been confirmed by subsequent ex*- 
perlmentation. In addition, the encoding and collecting of cognitive maps 
has been successful as well as Its operational ity demonstrated, Tlio complete 
results of an KAS/Sr:]!!) experimentation involving , several uses of the system 
will be tlic subject, of another report. We next turn our attention to some of 
these uses of such a system* 
Uses of an KAS 

si 

Ci'Trorf^y, vre are cnnsiderlnf! seven uses of our system in a test program. 

These are presented bolo*:, 
* 

Use A: Int va-Cour so Sup p) erient 

Assuming that the faculty member has supervised the creation of modules 
mul a net corresponding to the particular course he Is teaching, he may wish 
to offer hiJependent studies as part of the course (perhaps toward the second 
half aftor introducing the basic nnlorial, etc.) , He may wish to allow more 
motivated stvtdents to investigate a large number of related, adjacent, or more 
specialised areas with which he does not intend to concern the whole clrtss, 
Such a supplomentaiy capability would bo available via the llAS system; It 
would act as on independent consultant in the course (or to 6ffer anolrher 
analogy, a kncAnodpoable Wv.p, student as an assistant in the course, though 



In this case, constftntly available), 

A faculty laoinbor nny v;lsh to ijlva (or sco sni^portod) a particular area In 
his field of intorci^t. However, he r.iay not v;ir.h to offer another course In 
that area (e.Hporially in addition to his regular load for the semester), The 
EAS system can accomodate such a desire. Since tlie system has as one of Its 
central features a semantic capabilicy In order to deal with fuz5iy, 111- posed, 
amhlBuous, or poorly posed inquires, It can handle students who wish to pursue 
some area but v/ho have no real expertise in that area (for othen^ise they might 
very well proceed entirely on thclv ov;n with no assistance from anyone). The 
faculty nienbcr, by suitably supervising the not construction, can make such an 
Independent studies course available, Such a course is given by and supervised 
by him; but It Is larf^el.v u rattendod and requirer little resource investment by 
him once the aro.ar> have heoa encoded. Thus a university may nove from an environ^ 
ment of repeated course production towards one of course management where pro- 
fessors naiuijo tV;c student's progress ratlier thon rcf^ulrnte it,) 

r r e r e CI vii s i. t e li e o 1 u t i on 

Soma universities already use an Informal subsystem to accomodate students 
who do not have certnin prerequisites. There may be video tapes on the use of 

TSS, FORTRi\N, etc. In addition sorae departments may nlso rely on certain mathe- 
matics courses tnuf;ht In the mathematics department for those who need or desire 
such foundations, .This later resource is at titaes not optimal since there may 
be partial covornf.c of Lhc material needed, or in other cases, overkill. The 
EAS system can accomodate the demand for quite diverse needs for prerequisite 
subjects that may support, impinge or intersect tlie particular faculty momber^s 
current course material, A properly created not allows the student to access 
a mitltitudo of prerequisites at many staj^es (and at varloiis levels, etc,) In 
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subnrens, as needed. Not only are such prerequisites made ktvMit 




\\M\C CloftV) 




to tiiui, hut tljo fticujty ill follcvod of tlio burden of mannj;^inf; such diversions 
fov each coursCi As a coni'^oqucncc , fuv?cr nssum[)tlons need bo made about the 
student, thv. fitudent need iinpo.sc fewer confc'.tvniuts on his range of formal 
"study. Moreover, ,thc effort now directed in co\n"fies to establish prerequisites, 
which is often j;ivcn 1 incited tiuie or resources (e.g., chapter 0 of the book), 
may he rechannoled elsewhere. 

Use 1): Cour se lH\si£\n 

It is expected that a faculty ineml>er develops a riclier and inore elaborate 
netv.'ork (and as the system accesses other rclnlcd networks), he then can use 
the system for course design. ]\y entering the profile of the normative, hypo- 
thetical student he expects to teach, as v.'cll an the goal that represents the 
courses' subject area, he can use the curriculum generated by the system as the 
basif; of his ov/n coiirse outline for that subject area. Since the system has 
access to not only th:*t faculty v.\em]ior's net hut other nets as well, the aggregated 
course production capacity of the faculty becomes a piirtially shared recource. 
In conjvniction v.ith use C, sorie of the more unrewarding parts of courr-o genera- 
tion (i,o,» - prorequisicu rcyaluclon) could be avoided^ 

Use E; Subject Area De ftnition 

In conjunction \7Lth the above use, when certain formal or official areas are 

entered as goals to the .^,ystom, the system tlien i>rcsents a uniform way to defitie 

the expectations of competence iu that area or domain. For example, the area 

of artificial iutel l).i^oaoc r.iay be included as" ouo of the parts of a ''systems 

area" q*aalifier^ at soito s;iecified lcc\»l of co:npvtenee. The student enters tlio 

goal of artificial intelligence at tliat level (together with the other descriptors 

allo'.vod), and the resulting curriculum defines the expectations of the school 

for a student faceting that rcquiroment. 
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Usci V: Ilosonrc Dv.ihiaLi on 

Aaain in the p^ri.c C(?iW:oxt of a ntal Li-not: ouvlronmcni; , the ndmiaistraCion 
(or bead of a dcpatmonl', o.LcO rnny enter certain gools, represent in^ areas or 
topics he v.'ishes to f^oo supported • Then the resiilttng curriculum becomes n 
resource evnluntor, Tlie more tlie system can pull together various parts of 
nany (perhaps diverse) nets and complete the curriculum, the more tl\o total 
educational system already has tlie resources noccr.sary to support such a gonK 
Tho system is able to indicate the kinds of prerequisites and subgoals it vas 
r^oarchins for but failed to find. Where the curriculum Indicates missing por- 
tions is where resources need to be directed, Thus a vertain amount of inventory 
control is possible, 

Use G: v^M PP>^y,^. 

By jioncrall:nng tlie multi-net environment to its natural limit ynd hypotiie- 
siiiinj; nets that cover nil the areas with v;hich some program is concerned, we cr.n 
then Ufic Che system gj? the mainstay of the program itself. The student's main 
task Ifi to move througli the net, extracting the currlcnUnn thai: ber.t suits his 
goals an.d comp] oiling that cvirr iculum, Tha whol e program becomes dc^flncd by the 
system itself. For examale^ perhaps a collefxe wished to support a full political 
science orogra-n v;hich it currently Hid not have for thos students, wishing to 
include the classical areas of political science in addition to subareas already 
support, However, they may not wish to invest any labor in tlie project (i,c,, 
permanent faculty position), Then they might generate a not and collect t!io 
resource.'^ that were describc^d in the net (e , g. ,^>ooks , films, courses at other 
colleges, journal articles). The JvvS would act as the i^upplcmcnt program, 
making available suitable curricula, as appropriate, for a wide range of Inquiry. 
With a minimal updating, a classical political science program could be made 
available, at a supplonjontal level. This use could of course !>o applied to the 
school or unlvoriiity U./el too. ^ 



Thuxij'h tho«c> unoc'. represent some of n:\tural applications of t\\\ KAS nt 
iustit:ut Ions of hi/;1uvi.- lonrning, tlioro arc other typos of use?? as well a.s othov 
cnviroiv.uuiti?. One such oso is university account In^* An ndminlsJ:rat;or might 
[Hit in hypothetical i>oals of interest. Assuming every tnodtilo was assigned a 
cost, the resulting currlculnm could be a measure of the cost to fulfill that 
goal, as all the individual module costs were totalled, Other areas have been 
suggested for application, including the use of such a system in a legal analy^jls 
setting, llovcver we shall not pursue such applications further at this point 
In tiii^c, 

Conclusions 

The i:AS/SKED system introduces another application of recent advances in 
methodology conibinod with current computer technology. Moving past ttianagement 
and analyst?; of instructloa and education, this effort attempts to define and 
develop the proco-sscs thei^i^elvcs involved in the creation of the curricula, 
Ln this sense, this roiicarch effort is an at(:ei,ipt to move tovv'ard an explicit 
fornulnticu of an opc^r.itionnl description of a normat:vvo l:!)cory of curriculum 
riosi^',n. The tuirci.t:«t' ui such an effort is the degree to which ti*ue computer 
constructed education (crv.^ cm ho ncbiovod, 

Finally, v;e v;ould note that the system absorbs nnd organiiios the most significaat 
part of its inforsaation and data store, the seii.nntic net, by virtue of relying 
on large numbers of loci\li/.ed area experts, wl)ose views are coagulated into a 
cohesive \.'hole by the sy^^te^l, In effect, the system then is a hybrid problem- 
solverj effectively dr^u.^ing on the co5;nitive maps of educators in order to attoi^pt 
to duplicate so;".e of their intelligent beliavior, Tims the probleva-solving 
synthesis involves a n:an-fnachino mix, If the cognitive raaps of the best educators 
are captured in the semantic net as the driver of tfic ^'intelligent'' portion of the 
system, then the systcri will Indeed distribute scarce talents over a wider range 
(though not vlthouf so:uo degradation of performance) . An efficient distrxbutldn 
rUen.Would aid one of our primary goals of contributing to educational eff icieuctes 



)5ut* i\H iuU-C(l> tlij.rJ in ncco/.ipl isluHl only by -a do.opcr uuclcrr-Vanclinc of the pro- 
cojJjicn, nethotlr. > r.nd orf.cini ?:al*.i.on of cui-rlculum crGntion. Coti^putcr ccnr.tructcd 
cducaLiou attei'jpl'i? t:o niif»v:or thlfJ question In on opo.rntioual i;kk1c« This sysf.cm 
Is a first stop ttr^ard such nu iindcr« tnnding* 



29 



nicri'iii'NCi'S 

■ 

!• lU>]vjn> J, Or oncl )\. Olosor. Dnvol opiiuMUn] A^1pc•cl.^i of Indi.vJdnnlly 

rr(\<;cr il>o<l 1 n:.; L vuv lion , A\ulij:i V hai^l_l 13 : 820-8? 1 ^ I96t), 

2. Evans, Stevon. The Structure of Instructional Knowledge: An 
Operational Model, Instructional Sci ence, 1974, vol. 2, no. 4, 421*450# 

3, Evans, Steven. The Conceptual Blueprints of the Processes and 
Structures for Computer Constructed Education, Working Paper, 
Carnegie-Mellon University, Pittsburgh, 1973. 

l^^ Jllicli, TvAu. f)(^^chopli\\[:, Kcvr York; Ih^rpcr and Row, 1971. 

5 Jntornnl icinal r/\isinrs*s Macliinc^s Corporation, Cu r r i. r u 1 n Tny o ly In^. P ^'V'V^^^ ■ ^\ 
in ConovVato Sriiools ol: )'\isino>^s> U'hito lUaiiui, II, Y.: lUM Tcchnicnl. 
Pub] IcatricMKs lK:pl., ]y69, ' 

6. Qulllon, M. Ross, Word Concepts: A Theory and Slmulntion of Some nn,'5ic 
Scninnac Capabi li Lies - In M, Mlnshy (cd,) SoraantJc ynfoxniallon 
Prori\s ?;In,i, Cainbridgo; MIT Press, 1968. 

7,. Salisbury, Alan }). Co.t^pvilors and Kduoallon: Tovard Af,raoniont on 
Tcrr.unolof.y , KtUic a I i .ni i\ I Too hno 1 o_v'^y , 1971, ]J.(9), 33-39. 

6, Shapiro, S. C. A Data Structure for Semantic Information Processing. 

Unpublished Ph. D. dissertation, University of Wisconsin, Nadison, 
Wisconsin, 1971. 

9, Winograd, Terry. Procedures as n Representation for Data in a Computer 
Program for Understanding Natural Language. Ph.D. Dissertation, • 
M*I.T. , Boston, 1970. 

10, y.iun, K:u-1. An L'vaUuU ivo. lUvi^'V: oi I'iK'S^oL Co:Apiic<.M-;: In 1 iv; t viicl ion . 

Michli\aa» 1970 (Draft), 

11, Zucl;crr.an, David aud Robert; K. Horn, The Guide to Sir.uJalion Gaint's tor 

Kducalion and Training], CainbridrA') Ma^^?.: InTormation Kosources, Ir.c, 
1970. 



